The aim of our study was to assess the impact of mulberry (Morus nigra L.) and sea buckthorn (Hippophae rhamnoides L.) addition on improvement of antioxidant characteristics of dark chocolate. For evaluation of total polyphenolic content we used Folin-Ciocalteu reagent, for total content of flavonoids spectrophotometric assay based on a formation of coloured flavonoid-aluminium complex was used and for the content of total phenolic acids was used method using Arnow's reagent. Three different methods were also used for measuring the antioxidant activity of samples: DPPH scavenging activity, reducing power method and phosphomolybdate method. Obtained results showed, that compared to plain dark chocolate used as control, chocolate enriched with mulberry exhibited higher polyphenolic content and antioxidant capacity. On the other hand, enrichment with sea buckthorn didn't show such significant improvement in antioxidant characteristics, but increased the levels of bioactive compounds despite the lower content of cocoa solids.
Introduction


Chocolate has become one of the most popular foods worldwide, because of its sweet and delicious taste [1] . Chocolate is a very unique product, representing both a confectionery treat often avoided due to its high calorific value, but is also promoted as a functional food with potential health benefits, attributed to its rich bioactive profile [2] . Cocoa has the highest flavanol content of all foodstuffs on a weight basis and therefore is a significant contributor to the total dietary intake of flavonoids. In fact, for many people, cocoa products represent a larger portion of the diet than foodstuffs containing similar bioactive compounds, such as green tea, wine or soy beans [3] .
Polyphenols in cocoa beans are found in the pigment cells of the cotyledons. Its polyphenolic composition depends on many factors, such as type, geographical origin growing conditions, and maturity of cocoa fruit, as well as fermentation and food processing [4] . Potential effectiveness of these ingredients depends on their bioavailability influenced by food matrix. The final concentration of flavanols depends on the used processing treatment applied to reduce their characteristic bitterness and to gain required consistency [5] . It has recently been discovered that dark chocolate has a number of health benefits including protection against heart disease, regulation of blood sugar and insulin dependence, stroke prevention, antioxidant protection, alleviation of cold and cough, reduced cancer risk, reduced risk of colon cancer, slowing aging, increased immune function, Alzheimer's protection, reduction of premenstrual syndrome and prevention of alopecia [6] . A great number of functional food products that have been already introduced into the market because consumers became more interested in healthy lifestyle and nutrition, but only few attempts have been made to produce chocolates with the addition of naturally derived polyphenolic compounds [7] . Black mulberry (Morus nigra L.) is a good source of bioactive compounds, especially of anthocyanin [8] . Sea buckthorn (Hippophae rhamnoides L.) is appreciated especially for the high content of vitamins, flavonoids and organic acids [9] . Therefore the aim of our work was to evaluate the impact of addition of sea buckthorn and black mulberry on enhancing biological activity and antioxidant potential of dark chocolates.
Material and Methods
Biological materials. The chocolate samples evaluated in this study were made and kindly supplied by Slovakian chocolate-producing company. Enrichment ingredients and their additions to plain dark chocolate, used as control (SK0), are listed in Table 1 . ; r 2 =0.9978) was used as the standard and the results were expressed in mg GAE (gallic acid equivalents) per gram of chocolate. Determination of total flavonoid content. Content of total flavonoids was determined using the modified method by Willett [12] . A 0.5 mL of sample extract was mixed with 0.1 mL of 10% (w/v) ethanolic solution of aluminium chloride, 0.1 mL of 1 M sodium acetate and 4.3 mL of distilled water. After 30 minutes of resting in dark place the absorbance at 415 nm was measured using the spectrophotometer Jenway (6405 UV/Vis, England). Quercetin (0.01 -0.5 mg.L -1 ; r 2 =0.9977) was used as the standard and the results were expressed in mg.g -1 QE (quercetin equivalents).
Determination of total content of phenolic acids.
Content of total phenolic acids was determined using method by Farmakopea Polska [13] . A 0.5 mL of sample extract was mixed with 0.5 mL of 0.5 M hydrochloric acid, 0.5 mL Arnow's reagent (10% NaNO 2 + 10% Na 2 MoO 4 ), 0. 
caffeic acid equivalents (CAE).
DPPH scavenging activity. Radical scavenging activity of samples was measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH) [14] . The extract (0.4 mL) was mixed with 3.6 mL of DPPH solution (0.025 g DPPH in 100 mL ethanol). After 10 minutes of resting in dark place, absorbance of the sample extract was determined using the spectrophotometer Jenway (6405 UV/Vis, England) at 515 nm. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) (10 -100 mg.L -1 ; r 2 =0.9881) was used as the standard and the results were expressed in mg.g -1 Trolox equivalents. Reducing power. Reducing power of samples was determined by the method of Oyaizu [15] . One millilitre of sample extract was mixed with 5 mL PBS (phosphate buffer with pH 6.6) and 5 mL of 1 % potassium ferricyanide (w/v). Mixture was stirred thoroughly and heated in water bath for 20 minutes at 50 °C. After cooling to room temperature, 5 mL of 10 % trichloroacetic acid was added. 5 mL of mixture was pipetted into the test tube and mixed with 5 mL of distilled water and 1 mL of 0.1 % (w/v) ferric chloride solution. Absorbance at 700 nm was measured using the spectrophotometer Jenway (6405 UV/Vis, England). Reducing power was expressed in mg.g -1 Trolox equivalents, using Trolox (6- [16] . Monopotassium phosphate (2.8 mL, 0.1 M, w/v) was mixed with sulfuric acid (6 mL, 1 M), ammonium molybdate (0.4 mL, 0.1 M, w/v), distilled water (0.8 mL) and 1 mL of sample extract. Test tubes were mixed thoroughly and heated in water bath for 120 minutes at 90 °C. After cooling, absorbance at 700 nm was measured using the spectrophotometer Jenway (6405 UV/Vis, England). Antioxidant activity was expressed in mg. 
Results and Discussion
Total polyphenols content. Polyphenols can be found in a wide variety of foodstuffs such as fruit, vegetables, tea, coffee and red wine. Dark chocolate was shown to have more polyphenols than milk or white chocolate, because it contains more cocoa and polyphenols can be less bioavailable in the presence of milk [17] . According to literature, there was found a high positive correlation between amount of cocoa solids and phenolic compounds [10] . Total content of polyphenols of all samples is shown in Table 2 . Samples enriched with mulberry and even sea buckthorn had more polyphenols than control sample. Better results were obtained with black mulberry, even when the addition was in lower amount than sea buckthorn. Komes et al. [18] also studied the effect of addition of dried fruits (dried prunes, dried papaya, dried apricots, dried raisins and dried cranberries) on bioactive content of milk and dark chocolates. It was shown that the addition of dried fruits especially prunes and cranberries increased the total phenolic content of dark and milk chocolates. Cervellati et al. [19] also supported our results with conclusion that artisanmade chocolate can preserve more biologically active polyphenolic compounds than factory-made ones. It is difficult to compare the results, because the concentration of all polyphenols can vary tremendously among different cocoa-containing foods. This concentration can also vary depending on the source of the beans, the processing conditions, and how the chocolates were manufactured [20] . Total flavonoid content. Flavonoids are an important class of plant pigments, naturally found in fruit and vegetables. This class of naturally occurring polyphenolic compounds which cannot be synthesized by humans possesses a series of biological properties, acting on biological systems as antioxidants [21] . Cocoa and also dark chocolate have the highest flavanol content of all foods on a per-weight basis and can therefore significantly contribute to the total dietary intake of flavonoids [17] . The amount of total flavonoid content (TFC) of our samples is shown in Table 2 .
It can be seen that the content of total flavonoids is almost twice as high as its content in control sample. Best results were again obtained with mulberry enrichment. There was also found high positive correlation with content of total polyphenols (r = 0.9319). The percentage of cocoa is not a reliable indicator of the flavanol content present in a given product [22] . Calado et al. [21] showed, that bitter chocolate can have higher flavonoid content compared to some kinds of cooked vegetables and advises, that people who don't like foods like broccoli or eggplant (daily dose 20 -26 g) could eat more chocolate (daily dose only 8 g). Total phenolic acids content. Phenolic acids are ubiquitous in edible vegetable, fruits, and nuts. They are also present in coffee, tea and especially in berries. They are extensively studied because of their bioactive properties and there is an evidence of their role in disease prevention. Recent interest in phenolic acids also stems from their potential protective role against oxidative stress, inflammation, diabetes and cancer in experimental studies [23] [24] [25] . The amount of total phenolic acids was in this case higher in control sample than in sample enriched with sea buckthorn. Black mulberry increased the amount of TPA in dark chocolate. Hundreds of phenolic acids have been identified in nature. For example, protocatechuic acid is a hydroxybenzoic acid that can be found in many foods and it is also the most abundant phenolic acid (69.16%) found in cocoa liquor. This acid was shown to have several physiological functions including antioxidant, antibacterial activity and antimutagenic activity [25] [26] . DPPH scavenging activity. Analysis using DPPH radical is most frequently used to determine the antioxidant capacity of foods. Antioxidant activity of our samples measured by this method is shown in Figure 1 . Best results were again obtained for mulberry enriched dark chocolate. Vertuani et al. also reported that in general, decreasing the percentage of non-fat cocoa solids causes a decrease in the antioxidant activity associated with a lower content of total polyphenols, as can be seen in our case [27] .
Fig. 1. DPPH scavenging activity
Black mulberry and sea buckthorn are very rich sources of important biologically active compounds and can contribute to higher antioxidant activity of dark chocolates with even lower cocoa solids, in comparison to plain dark chocolate used as control [8; 28] .There was also found high positive correlation between antioxidant activity by DPPH and total content of polyphenols (r = 0.9910) and also total flavonoid content (r = 0.9720). Reducing power. The reducing power of a compound serves as a significant indicator of its potential antioxidant capacity.
Fig. 2. Reducing power method
The reducing power assay is based on electron donating activity, which is main mechanism of phenolic antioxidant action [29] . Figure 2 shows the reducing power of the examined samples. Enrichment of dark chocolate with black mulberry showed the highest improvement in antioxidant activity measured by reducing power method. Sea buckthorn addition had even lower antioxidant activity than control sample by this assay, but this chocolate has the lowest cocoa solids content. Reducing power of our samples was in high correlation with content of total phenolic acids (r = 0.9235). Additionally, it must be considered that the antioxidant activity of a mix is not the sum of the antioxidant activities of each of the components, however, the interactions of the compounds in between might generate synergic or inhibitors effects [30] . Phosphomolybdate method. This method is based upon the spectrophotometric quantitation of total antioxidant capacity [16] . Black mulberry showed the best antioxidant properties determined by this method. Antioxidant activity of chocolate with sea buckthorn was even lower than antioxidant activity of control sample. This may be again due to the fact, that because of high addition of dried fruit the amount of cocoa solids was reduced. The differences in antioxidant capacity of different fruits enrichments may be attributed to differences in their chemical compositions. Antioxidant activity measured by this method showed high positive correlation with their reducing power (r = 0.9979) and even with total content of phenolic acids (r = 0.9463).
Conclusions
Based on the above findings we can conclude, that dark chocolate is in general very good source of biologically active compounds and dietary antioxidants. Our results also proved that enrichment with specific types of dried fruits, for example with black mulberry, can improve that characteristic even with lower cocoa solids content. Results of this work can be an important tool for next scientific works and for food producers.
